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pected observations provide new insight into the genetic mechanisms
that generate sexual dimorphism.
doi:10.1016/j.ydbio.2011.05.533
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Genetic patterning of the genitalia in the milkweed bug
Oncopeltus fasciatus
Ariel C. Aspiras, David Angelini
American University Biology, Washington, DC, USA
Genitalia are extremely varied in their structure among insect
species and evolve rapidly compared to other features. It is thought
that insect genitalia act in a “lock and key” manner, acting as a
mechanical barrier, facilitating genetic isolation. Despite the impor-
tance of genital structure, their underlying developmental genetic
patterning has been studied in only a few species. Using a candidate
gene approach, the functions of classical appendage patterning genes
and posterior Hox genes were tested with RNA interference. The
knock-down of the classical appendage patterning genes, dachshund,
distal-less, and homothorax, caused a dramatic reduction or
transformation of the female genitalia but left the male genitalia
relatively unaffected. These results suggest that the female genitalia
has its origins as an appendage, while the male genitalia may derive
from non-appendicular tissue. Knock-down of the posterior Hox
genes, abdominal-A and Abdominal-B, caused a reduction in the
genitalia of both sexes, suggesting that both male and female
genitalia are regulated by similar upstream factors, despite poten-
tially different origins of these structures in each sex. This study
highlights the inherent modularity of appendages and their under-
lying genetic networks and supports the hypothesis that genitalia are
serially homologous appendages.
doi:10.1016/j.ydbio.2011.05.534
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Independent instances of abdominal appendage evolution in
sepsids have shared developmental basis
Tanner Ferderer, Julia H. Bowsher
North Dakota State University Biological Sciences, Fargo, ND, USA
To understand how morphological traits evolve it is necessary to
understand their developmental basis. When the same trait has
evolved multiple times in different lineages there is an opportunity to
determine whether the traits have the same developmental basis and
therefore are parallel, or whether the developmental basis is
different, making the traits convergent. Distinguishing between
parallel and convergent traits is important for understanding the
sources of variation available to selection. Parallel traits can reveal
tendencies toward a certain kinds of morphology due to an increased
amount of variation in a particular trait, or due to constraint that
restricts possible morphologies. However, it rare to find traits that
have evolved multiple times in organisms that are also tractable
developmental systems. Male abdominal appendages have evolved
multiple times within the Sepsidae family of flies. In the sepsid
Themira biloba, the abdominal appendages develop from histoblast
cells on the fourth abdominal segment. By the final larval instar, this
nest of histoblast cells has significantly more cells than the other
nests. To determine whether this pattern was also found in other
sepsids, histoblast cells were counted for two other species,
Meroplius fasciculatus and Perochaeta dikowi, which each represent
an independent instance of abdominal appendage evolution from T.
biloba. A species that has maintained the ancestral appendage-less
state, Sepsis punctum, was also included. In both M. fasciculatus and
P. dikowi, males show a similar pattern to that of T. biloba with the
number of cells in the fourth ventral histoblast nest elevated
compared to other segments. S. punctum did not show this pattern,
indicating that a large histoblast nest is correlated to abdominal
appendage formation. Because the histoblast nests have similar
patterns of growth in species that represent independent instances of
abdominal appendage evolution, at least some of the developmental
basis of these appendages appears to be parallel.
doi:10.1016/j.ydbio.2011.05.535
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Evolution and function of Ftz and Ftz-F1 in Hemipteran insects
Yong Lu, Leslie Pick
University of Maryland, College Park, MD, USA
fushi tarazu (ftz) arose as a duplication of a homeotic gene but
functions solely in segmentation in Drosophila melanogaster to direct
the development of alternate body segments. Dm-Ftz activity is
regulated by interaction with a protein partner, the nuclear receptor
Ftz-F1. This switch in function from a homeotic gene to a segmenta-
tion gene resulted from changes in both expression and protein
function: Dm-Ftz acquired an LXXLL motif which mediates its
interaction with Ftz-F1 necessary for segmentation function, and it
lost its ancestral YPWM motif necessary for homeotic function.
Recent data suggest that the LXXLL motif was acquired at the stem of
holometabolous insects. To understand how ftz's role in development
switched during evolution, we are studying its expression and
function in the Hemipteroid assemblage, the sister group of
holometabolous insects. Using RACE and modified genomic-walking,
we isolated ftz and ftz-f1 from hemipteran insects, including
Oncopeltus fasciatus (milkweed bugs), Acyrthosiphon pisum
(aphids), Leptoglossus occidental (leaf-footed bug) and Halyomorpha
halys (stink bug). Combining this with genome project data reveals
that Hemiptera have not acquired the LXXLL motif and many have
highly degenerated YPWM motifs. To determine the roles of
hemipteran ftz and ftz-f1 genes, we are examining their expression
and function in Oncopletus. Preliminary results suggest that Of-ftz-f1
is expressed in stripes during embryogenesis. Of-ftz-f1 parental RNAi
blocked oogenesis while Of-ftz RNAi blocked embryogenesis at
around two days after egg laying. Future studies will analyze
phenotypes associated with loss of Of-ftz and Of-ftz-f1 function in
embryos to determine their biological roles in this lineage.
doi:10.1016/j.ydbio.2011.05.536
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Evolution of folded gastrulation: A comparison between
Drosophila melanogaster and Drosophila pseudoobscura
Frederick Arnold, Kimberly Dao, Jill Geratowski, Rachel Hoang
Haverford College Dept. of Biology, Haverford, PA, USA
The folded gastrulation (fog) gene is critically important for
initiating the earliest cell shape changes of gastrulation in the fruit fly,
Drosophila melanogaster. During these early stages of gastrulation
the prospective mesoderm cells that lie along the ventral surface of
the embryo first flatten and then constrict their apical surfaces to
form a furrow. This furrow is subsequently elaborated into a full
internalization of these cells. At the posterior pole of the embryo an
equivalent change in cell shape occurs to internalize cells of the
posterior endoderm. The apical flattening and constriction of both
groups of cells is driven by activation of the molecular motor myosin,
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which is in turn activated by a Rho GTPase signaling pathway. The fog
gene product provides a trigger for this pathway, and thus initiates
the changes in cell shape. Downstream components of this signaling
pathway are conserved between flies and vertebrates. However,
despite the importance of fog in D. melanogaster gastrulation and the
existence of equivalent cell shape changes in other organisms the fog
gene was thought to be unique to fruit flies. We have taken a stepwise
approach, starting with closely related species, to trace the evolu-
tionary history of the fog gene. So far we have identified fog
homologs in 12 species of Drosophila and in several more distantly
related insects. The sequence analysis of identified homologs and our
analysis of fog expression during gastrulation in Drosophila pseu-
doobscura will be discussed. We hope that these studies will
ultimately provide further insight into the evolutionary processes
that shape the developmental pathways that control morphogenesis.
doi:10.1016/j.ydbio.2011.05.537
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Different developmental mechanisms underlie change in ovariole
number caused by phenotypic plasticity and genetic background
Didem Sarikaya, Abel Aseffa, Cassandra Extavour
Harvard University, Cambridge, MA, USA
Phenotypic plasticity is a widespread phenomenon affecting
traits of adaptive significance. An outstanding problem in evolu-
tionary biology is whether phenotypic plasticity makes use of the
same or different mechanisms to produce phenotypes similar to
those produced by genetic variation. In Drosophilid flies, fitness
(number of offspring) is largely influenced by the number of egg-
producing units in each ovary; these units are called ovarioles. Here
we show that genetic and environmental variation in Drosophilid
ovariole number proceed through different developmental mechan-
isms. By changing the temperature regime for several different
laboratory strains, we found that environmental variation affects
processes of local cell-cell sorting during ovariole formation, but
not the number or sizes of those cells. In contrast, genetic
background determines cell size and cell number, which in turn
affect final ovariole number. Examination of different wild type
genetic strains raised under identical environmental conditions
showed differences in terminal filament (TF) cell size, which is an
important parameter in ovariole morphogenesis. We confirmed that
TF cell size and cell number influence ovariole number by
manipulating the regulation of the Insulin and TOR pathways. Our
results suggest that hereditary differences in Drosophilid ovariole
number are likely due to changes at genetic loci influencing cell
proliferation, rather than to changes in genes that control cell-cell
adhesion or local cell sorting. We extend findings on the adaptive
significance of ovariole number. We discuss these results in the
context of previous ecological and population genetic approaches to
understanding variation in ovariole number.
doi:10.1016/j.ydbio.2011.05.538
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Examining the genetic basis for a phenotypic change in the red
shouldered soapberry bug Jadera haematoloma
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Population-level variation in gene expression and function may
lead to phenotypic differences available to selection. However,
finding the ecological context for variation controlled by specific
developmental genetic differences has been problematic. A unique
opportunity to study this issue is available in populations of Jadera
haematoloma, the red-shouldered soapberry bug (Heteroptera:
Rhopalidae). Among J. haematoloma in Southern Florida, individuals
are found feeding and reproducing on the native balloon vine
(Cardiospermum sp.), a member of the soapberry family. Recently
derived (~60 years) populations also feed on goldenrain tree
(Koelreuteria sp.) throughout the US South and Southeast. As a
result of this host shift, rostrum length in derived J. haematoloma has
declined from almost 70% of body length to roughly 50%. Here we
present studies of J. haematoloma development, focusing on several
genes known to play a role in mouthpart development in another
heteropteran, Oncopeltus fasciatus. We have used RNA interference to
characterize the roles of these genes in mouthpart development and
allometry. Using quantitative realtime PCR, we have found evidence
of expression differences in a subset of candidate genes between
Cardiospermum and Koelreuteria host races. Moreover, there is
significant correlation between beak length and expression of some
candidate genes in the juvenile head. These results suggest a possible
developmental genetic route for phenotypic change in these popula-
tions during rapid contemporary evolution.
doi:10.1016/j.ydbio.2011.05.539
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The influence of bantam microRNA on the evolution of size
Jennifer Knauss, David R. Angelini
American University, Washington, DC, USA
Why are elephants large and mice small? What keeps our arms
from growing until our hands touch the ground? How do changes in
developmental programs cause evolution of organismal size? Beetles
of the genus Tribolium (Coleoptera: Tenebrionidae) provide a useful
tool for elucidating these questions. The first goal of this study is to
measure the expression of an effector of the Hippo pathway, which
regulates growth. We have assayed expression of the microRNA
bantam by realtime PCR in several species of closely related beetles
that vary in average total body size. By measuring the activity of this
pathway in closely related organisms, the results should reflect
changes directly related to size evolution. The second goal of this
study is to elucidate the developmental role of bantam in these
beetles. A synthetic mimic of bantam miRNA will be introduced into
prepupal beetles, allowing determination of the developmental
effects of the excess bantam. This project provides information
regarding the control of size during development and how changes in
one developmental pathway can contribute to size differences
between species.
doi:10.1016/j.ydbio.2011.05.540
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Decapentaplegic and glass bottom boat regulate postembryonic
leg development and lipid homeostasis in the flour beetle
Tribolium castaneum
Erica Namigai, Yuichiro Suzuki
Wellesley College, Wellesley, MA, USA
The TGF-beta superfamily, consisting of secreted signaling factors
from the TGF-beta, BMP, and Activin families, is evolutionarily
conserved across the Metazoa with functions encompassing a large
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